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Geomorphic Mapping and Paleoterrain Generation for use in Modeling Holocene (8,000 – 1,500 yr) Agropastoral Landuse and Landscape 
Interactions in Southeast Spain
Dramatic changes in land use were associated with the rise of agriculture in the mid Holocene. 
Both the surface properties and the drainage networks were changed. Along with the direct 
modifications to surface properties (vegetation change, sediment liberation, and compaction) and 
drainage network alteration (terracing, canals), up and downstream responses in the watersheds 
communicated these changes throughout the landscape. The magnitude, rate, and feedbacks 
with the growing human populations are critical questions in our effort to assess human-
landscape interactions. Our interdisciplinary team has focused on two field sites around the 
Mediterranean for model development and testing. We are combining high resolution process-
based models of landscape change implemented within GRASS GIS with agent based models of 
agropastoral behavior specified in DEVS and driven by high resolution climate and vegetation 
models. In the Spanish field area (Penaguila Valley, 38.41 N 0.23 W), we have produced detailed 
(1:10,000) geomorphic maps which we combine with high resolution Digital Elevation Models 
(DEMs) on which we can run the surface process models to assess the portions of the landscape 
that are most sensitive to the postulated agropastoral landuse changes. To support this modeling 
we have produced the 5 m DEMs from softcopy photogrammetry. This DEM has greatly improved 
our overall spatial resolution to permit more accurate terrace correlations and improved 
quantitative assessment of morphologic processes (e.g. channel erosion, slope stability). In stereo, 
we have mapped overall landscape morphology that emphasizes areas of active erosion and 
alluvial terrace surfaces. Alluvial terraces are crucial to this research because they record periods 
of past stable topography and those of mid Holocene age were settled and farmed. We have 
correlated mapped terraces across the landscape using elevation and morphological distinctions. 
Using ArcGIS, we interpolated surfaces across equivalent terraces using triangulated irregular 
networks (TINs) allowing reconstruction of multiple regional landscapes to establish a 
chronosequence of absolute landscape change. This mapping and reconstruction will be field 
checked and numerical age constraints applied. Interestingly, our tentative age assessment of the 
lowest broad surface indicates that it was occupied about 5 ka, and now has been incised by 20 
m. Archeological sites have been cut by the incision. This change from a broad low relief alluvial 
surface to one cut by narrow channels may have been an important change for the local 
populations and caused them to change their behaviors, even though it may have been initially 
triggered by distributed landscape change in the watershed, due to agropastoral activities. 
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Geomorphic Mapping Terrace/Landform Mapping
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Paleosurface Reconstruction
Zoomed geomorphic map depicting 
the formation of hollows in the 
southern transition to higher topo. 
3D view looking south in the Penaguila Region emphasizing 
elongated Terrace A surfaces that are being incised by river 
networking.  Terraces gradually slope upward following 
increase in overall topography in the south.
A geomorphic map of the Penaguila region was created by mapping in 
stereo using stereo aerial photographs.   We were interested in overall 
landscape features and their relationship but special attention was paid to 
regions with high erosion potential.  By identifying such regions we were 
able to look at the distribution of surficial processes, where they are currently 
active and their effect on the evolution of the landscape through time.  The 
main feature in this landscape is the elongated, flat Terrace A, whose original 
surface is fragmented and incised by fluvial erosion.  In addition,  features we 
called 'hollows' were identified as regions with high erosion potenial.   They 
are elongated depressions in the landscape at different stages of incision 
and are mainly continuations of established gullies.   
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The Penaguila Region is 
located in SE Spain near the 
cities of Benilloba and Alcoy.   
H1 - slight topographic depression showing the onset of
incision; generally elongated, but can be broader & only slightly
disrupting surface expression.  H2 - elongated depression that 
has a definite change in slope,  represents the beginning of 
active incision, but no drainage system has been established.  
There may be a change in agricultural practice on an H2 surface.  
H3 - definite interruption of landscape, steeper slopes (~5m), & 
establishment of elongated drainage systems by incision.    
The process used to reconstruct terrains, outlined in figures 1-4, was 
implimented for each terrace surface (7 total).  The resulting 'fills' were 
added sequentially to the modern DEM to represent different stages of 
terrain stability.  Paleoterrains for Terraces Y-OO, Z and A are shown in 
figure (5) added to the modern DEM and three profiles have been made 
across the landscape.  Profiles show the modern DEM in black and 
subsequent fills for the addition of each terrace surface.  Figure (6) 
displays each reconstructed terrace surface by elevation, indicating 
regions that were once a part of that paleoterrain. 
Terrace ages have not been established, however upcoming field work 
(April-May 2007) in the Penaguila region will allow us to verify terrace 
correlations and sample soils from them to date using optically 
stimulated luminescence (OSL) technique.  These ages will allow us to 
quantify erosion rates for different periods of incision.
layers used for landscape and 
landuse modeling.  Paleoterrain 
reconstruction in the Penaguila 
region presented here, 
contributes to the terrain poly-
layer in this interconnected 
structure.  Diagram (B) illustrates 
the network of dynamic models 
that integrate the main data sets 
crucial to the overall research 
goals.  Paleoterrains created 
from this research will be used in 
developing the main reference 
landscape chronosequence, 
which will then act as the initial 
state for modeling agropastoral 
socioecology and potential 
landscapes.        
Research Goals 
*Interpret geomorphic relationships in 
the Penaguila region by creating a digital 
geomorphic map from mapping done in 
stereo using aerial photos.
*Generate a digital map of alluvial 
terraces surfaces in stereo using aerial 
photos and correlate them across the 
region.   
*Generate high resolution Digital 
Elevation Models (DEMs) that display 
paleolandscape terrains at different 
stages of landscape evolution. 
*The original 5m DEM is 
subtracted from a rastered 
TIN surface, showing the 
amount of incision for a 
given region (4).  Here, 
white shows greater 
incision and black shows 
no incision
*False colored 5m dem 
drapped over a hillshade 
showing paleolandscape 
reconstructed with infill 
from Terraces Y-OO, Z and 
A (5)  
Example:  Terrace A
Reconstruction 
Method
Zoomed geomorphic map depicting 
elongated flat and incised terrace 
surfaces and a landslide feature 
High Resolution DEM's (<5m) are central to this research 
project. They were used for mapping terrace surfaces & 
extracting terrace surface elevations for reconstructing 
paleosurfaces.   A 5m DEM was created for the Penaguila 
region using stereo aerial photo pairs and ERDAS Imagine 
Leica Photogrammetry Suite software package.  User 
defined ground control points are used by the software to 
create a mathematical equation to describe parallex 
between images. From that relationship, elevations can be 
extracted to create a digital elevation model (DEM).
Stereo Aerial Photo Pairs
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*Elevations for Terrace 
A surfaces are extracted 
from 5m DEM (2)
*Triangular 
Irregular Network 
(TIN) interpolates 
elevation across 
Terrace A 
surfaces (3)*Terrace A surfaces 
(blue) are isolated 
from the main digital 
terrace map (1)
6
This research contributes to a large international and multidisciplinary project 
that is examining long-term socioecological processes that shaped 
Mediterranean landscapes, from the beginning of farming to the beginning of 
complex civilization.  Diagram (A) shows three, multidimensional geospatial 
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(4) 3D view of landslide in 
N Penaguila showing 
landslide material in 
orange & scarp outlined. 
Profiles extracted across a 
landslide in N Penaguila.   
Graph shows steeper 
(~20m) slopes in the E & 
shallower slopes in the W 
(~10m), separated by 
uneven landslide material. 
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